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Well Development 



(Yield Test)  Flow 



Rate



Design 



Flow Rate
1



Injection 



Rate



Required 



Pump Head
2



gpm gpm gpm ft*



M3 EX-M-103 90 90 3 30 97.9 INJ-M3-133 75S75-12



LA3 & LA8 EX-LA-104 90 90 5 18 123.2 INJ-LA3-133 75S75-12



LA4 EX-LA-102 88 108 4 21.6 228.7 INJ-LA4-141 230S200-5 Pumping drawdown elevation adjusted to 147.5 



based on yield test and design flow rate; 21.6 



injection rate based on number of wells



LA6 EX-L-6 67 126 7 18 224.6 RA-LA10-102 230S200-5 Pumping drawdown elevation adjusted to 91.75 



based on yield test and design flow rate. 



LA8 EX-LA-104 90 54 3 18 This is combined with LA3.



LA9 EX-L-8 81 70 5 14 155.6 INJ-L-25 75S75-12



LB1 EX-LB-101 104 120 4 30 285.5 INJ-LB1-112 230S200-5



LB2 EX-LB-101 104 90 3 30 288 INJ-LB2-123 230S200-5



LB4 EX-LB-103 145 30 1 30 168.2 INJ-LB4-141 75S75-12



LB5 EX-L-10 150 150 4 30 275.2 INJ-LB5-152 230S200-5 Proposed extraction rate does not match sum of 



injection rates.
1 Injection series information/data such as proposed extraction, and injection wells and associated flow rates from CDM SOW.



2 Required pump head based on elevations of EX & INJ wells, documented drawdown from yield testing, proposed SOW flow rates and headloss 



calculated using The Hazen-Williams equation.



ft  = Foot (feet)



gpm  = Gallon(s) per minute
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YIELD TEST RESULTS FOR EX-LA-104



PUMPING RATE = 90 GPM
PUMPING WATER LEVEL = 54 FT BELOW TOP OF CASING



DESIGN FLOW RATE = 90 GPM



41.96 ft elev



-4.26 ft elev



-16.3 ft elev



12 ft estimated drawdown drawdown based 
on yield test data



103 ft 708 ft



TOC - 43.18 ft elev



EX-LA-104 INJ-LA3-133
37.70 ft elev



Screen = - 155 - 160 bgs
elev =  -117.3 ft elev



-112.3 ft elev



LA3/LA8
Series
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Figure only intended to provide a visual content for the path from extraction well to trailer and injection well.
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CALCULATION WORKSHEET NO. HL#1
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations (HL#1 - Equivalent Lengths of fittings)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



1 - Equivalent Lengths - Fittings To Trailer from EX Well



Description Eq Length Qty Eq. Length
per fitting ft



ft



3" TEE branched 17 1 17
3" elbow 8.1 2 16
3" Check Valve (fully open) 20 1 20



53 to SHEET HL #2



2 - Equivalent Lengths - Fittings Within Trailer



Description Eq Length Qty Eq. Length
per fitting ft



ft



2-inch elbow 5.5 1 5.5
3" X 2" Reducer 5 1 5
3" TEE Straight Thru 5.11 2 10.22
3" Ball Valve (1/4 closed) 10 2 20
3-inch elbow 17 2 34
3" Check Valve (fully open) 20 1 20



95 to SHEET HL #3



3 - Additional Losses Thru Appurtenances (in trailer)



Head Loss Head Loss
Item psi ft



Bag filter-HL to trigger bag change 2 4.62
Flow Meter 1 2.31 (less than 1 psi full range at 20 ft/s)
Mixer 8 18.48 (Refer to mixer headloss curve sheet)



25 to SHEET HL #5



The headloss (HL) calculations break the system down in three sections:
1 - From the submersible pump to the treatment trailer 
2 - The treatment trailer, and 
3 - From the treatment trailer to the injection well



These calcs are covered by five worksheets:
HL#1 - This sheet with equivalent lengths of fittings estimated.
HL#2 - From the submersible pump to the treatment trailer 
HL#3 - Piping in treatment trailer
HL#4 - From the treatment trailer to the injection well
HL#5 - Summary of losses



The injection series for LA3/LA8 was evaluated assuming the extraction rate is 90 gpm at EX-LA-104 and injection rate is 18 gpm at 
INJ-LA3-133. Injection well INJ-LA3-133 was examined as worst case scenario because it is located as the farthest from the trailer.
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CALCULATION WORKSHEET NO. HL#1
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations (HL#1 - Equivalent Lengths of fittings)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



         
4 - Equivalent Lengths - Fittings on Injection Manifold



Description Eq Length Qty Eq. Length
per fitting ft



1.5-inch elbow 4.3 3 12.9
3" X 1.5" Reducer 5 1 5
1.5" TEE Straight Thru 3 1 3
1.5" Gate Valve (1/4 closed) 5.5 1 5.5



26 to SHEET HL #4



5 - Equivalent Lengths - Fittings on Injection Well



Description Eq Length Qty Eq. Length
per fitting ft



1.5" TEE branched 9 1 9



9 to SHEET HL#4



6 - Additional Losses Thru Appurtenances (on injection line)



Head Loss Head Loss
Item psi ft



Flow Meter 1 2.31



2.31 to SHEET HL #5
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CALCULATION WORKSHEET NO. HL#2
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations (HL #2 - Path from pump to treatment trailer)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



SYSTEM  HEAD  LOSS  WORKSHEET



 = 0.002083 X L X (100/C)1.85 X [Q1.85/d4.8655]



INPUT: Pipeline Type PVC CALCULATED: Static Discharge Head 60.2 feet1



Hazen/Williams Coefficient 140 Cross-sectional Area of Pipe 0.049 SF
Pipeline Diameter 3 inches [Lay flat hose is 4 inch, but assumed 3" as a conservative approach]
Total Equivalent Length of Pipe 306 feet2



Lowest DRAWDOWN Elevation -16.3 feet (elev) (difference between top of casing and estimated pumping depth)
Trailer Inlet Elevation 43.9 feet (elev) (assumed grade elev. @RA-27D= 38.89';closest to the trailer)



Calculated headloss from submersible pump inlet to injection well.



Total
Flow Flow Velocity Friction Losses Entrance Discharge Head Loss



C = 140 Losses Losses C = 140
gpm cfs ft/sec ft ft ft ft



90 0.201 4.08 6.7 0.130 0.259 67



Notes: 1 Static discharge head is the difference between the trailer inlet elevation and the lowest drawdown elevation
2 Total equiv. length is based on the following: 



150 ft of pipe in well
103 ft of hose from well to trailer



53 ft of equivalent length of fittings
306 total equivalent length
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CALCULATION WORKSHEET NO. HL#3
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations (HL #3 - Headloss inside trailer)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



SYSTEM  HEAD  LOSS  WORKSHEET



 = 0.002083 X L X (100/C)1.85 X [Q1.85/d4.8655]



INPUT: Pipeline Type PVC CALCULATED: Static Discharge Head 4.0 feet1



Hazen/Williams Coefficient 140 Cross-sectional Area of Pipe 0.049 SF
Pipeline Diameter 3 inches Cross-sectional Area of Pipe 0.022 SF
Equivalent Length of 3 inch Pipe 120 feet2



Pipeline Diameter 2 inches
Length of 2 inch Pipe 7 feet
Trailer Inlet Elevation 43.9 feet (elev) (assumed grade elev. @RA-27D= 38.89';closest to the trailer)
High Pipe Elevation 47.9 feet (elev)



Calculated headloss from submersible pump inlet to injection well.



Total
Flow Flow Velocity Friction Losses Entrance Discharge Head Loss



C = 140 Losses Losses C = 140
gpm cfs ft/sec ft ft ft ft



90 0.201 4.08 2.6 0.130 0.259 7
90 0.201 9.19 1.1 0.656 1.312 3



Notes: 1 Static head is based on 4 ft thru trailer
2 Equiv. length is based on 25 ft of 3" pipe in trailer + 95  ft (equiv length in fittings).
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CALCULATION WORKSHEET NO. HL#4
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations  (HL #4 - Headloss from trailer to injection well)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



SYSTEM  HEAD  LOSS  WORKSHEET



 = 0.002083 X L X (100/C)1.85 X [Q1.85/d4.8655]



INPUT: Pipeline Type Rubber Hose CALCULATED: Static Discharge Head 0.0 feet1



Hazen/Williams Coefficient (New) 135 Cross-sectional Area of Pipe 0.012 SF
Pipeline Diameter 1.5 inches
Equivalent Length of Pipe 743 feet2



Trailer Discharge Elevation 43.9 feet (elev) (assumed grade elev. @RA-27D= 38.89';closest to the trailer)
Injection Well Elevation 43.18 feet (elev)



Calculated headloss from submersible pump inlet to injection well.



Total
Flow Flow Velocity Friction Losses Entrance Discharge Head Loss



C = 135 Losses Losses C = 135
gpm cfs ft/sec ft ft ft ft



18 0.040 3.27 26.0 0.083 0.166 26



Notes: 1 Static head is based on elevation difference between trailer and injection well when injection well is
at a higher elevation than the trailer discharge elevation



2 Total equiv. length is based on the following: 
708 ft of hose to injection well
35 ft of equivalent length of fittings



743 total equivalent length
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CALCULATION WORKSHEET NO. HL#5
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations (HL#5 - Summary of Headloss)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



Source Headloss Headloss
(ft)



HL# 2 From pump to Trailer 67
HL #3 Within Trailer 10 pipe & fittings
HL #1 Appurtenances in Trailer 25 filter, flow meter, mixer
HL #4 From Trailer to injection well 26
HL #1 Flowmeter on Injection line 2.3 flow meter



131



Total Sytem requirement Flow Rate (GPM) 90
Total Head (FT) 131



EA recommends 75S75-12 Grundfos Pump








			sketch of hydraulic path


			Trailer Map


			HL #1 Equivalent Lengths


			HL#2 Haz Wil Eq pump to trailer


			HL #3 Haz Wil Eq 3" trailer


			#4 Haz Wil Eq trailr -inj well


			HL #5 Total Headloss
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YIELD TEST RESULTS FOR EX-LA-102



PUMPING RATE = 88 GPM
PUMPING WATER LEVEL = 131 FT BELOW TOP OF CASING



DESIGN FLOW RATE = 90 GPM



58.35 ft elev
-4.11 ft elev



-76.76 ft elev



73 ft estimated drawdown drawdown based 
on yield test data



175 ft 406 ft



RA-44D



TOC - 55.69 ft elev
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Figure only intended to provide a visual content for the path from extraction well to trailer and injection well
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CALCULATION WORKSHEET NO. HL#1
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations (HL#1 - Equivalent Lengths of fittings)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



1 - Equivalent Lengths - Fittings To Trailer from EX Well



Description Eq Length Qty Eq. Length
per fitting ft



ft



3" TEE branched 17 1 17
3" elbow 8.1 2 16
3" Check Valve (fully open) 20 1 20



53 to SHEET HL #2



2 - Equivalent Lengths - Fittings Within Trailer



Description Eq Length Qty Eq. Length
per fitting ft



ft



2-inch elbow 5.5 1 5.5
3" X 2" Reducer 5 1 5
3" TEE Straight Thru 5.11 2 10.22
3" Ball Valve (1/4 closed) 10 2 20
3-inch elbow 17 2 34
3" Check Valve (fully open) 20 1 20



95 to SHEET HL #3



3 - Additional Losses Thru Appurtenances (in trailer)



Head Loss Head Loss
Item psi ft



Bag filter-HL to trigger bag change 2 4.62
Flow Meter 1 2.31 (less than 1 psi full range at 20 ft/s)
Mixer 8 18.48 (Refer to mixer headloss curve sheet)



25 to SHEET HL #5



The headloss (HL) calculations break the system down in three sections:
1 - From the submersible pump to the treatment trailer 
2 - The treatment trailer, and 
3 - From the treatment trailer to the injection well



These calcs are covered by five worksheets:
HL#1 - This sheet with equivalent lengths of fittings estimated.
HL#2 - From the submersible pump to the treatment trailer 
HL#3 - Piping in treatment trailer
HL#4 - From the treatment trailer to the injection well
HL#5 - Summary of losses



The injection series for LA4 was evaluated assuming the extraction rate is 90 gpm at EX-LA-102 and injection rate is 18 gpm at RA-
144D. Injection well RA-144D was examined as worst case scenario because it is located as the farthest from the trailer.
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CALCULATION WORKSHEET NO. HL#1
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations (HL#1 - Equivalent Lengths of fittings)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



         
4 - Equivalent Lengths - Fittings on Injection Manifold



Description Eq Length Qty Eq. Length
per fitting ft



1.5-inch elbow 4.3 3 12.9
3" X 1.5" Reducer 5 1 5
1.5" TEE Straight Thru 3 1 3
1.5" Gate Valve (1/4 closed) 5.5 1 5.5



26 to SHEET HL #4



5 - Equivalent Lengths - Fittings on Injection Well



Description Eq Length Qty Eq. Length
per fitting ft



1.5" TEE branched 9 1 9



9 to SHEET HL#4



6 - Additional Losses Thru Appurtenances (on injection line)



Head Loss Head Loss
Item psi ft



Flow Meter 1 2.31



2.31 to SHEET HL #5
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CALCULATION WORKSHEET NO. HL#2
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations (HL #2 - Path from pump to treatment trailer)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



SYSTEM  HEAD  LOSS  WORKSHEET



 = 0.002083 X L X (100/C)1.85 X [Q1.85/d4.8655]



INPUT: Pipeline Type PVC CALCULATED: Static Discharge Head 138.2 feet1



Hazen/Williams Coefficient 140 Cross-sectional Area of Pipe 0.049 SF
Pipeline Diameter 3 inches [Lay flat hose is 4 inch, but assumed 3" as a conservative approach]
Total Equivalent Length of Pipe 408 feet2



Lowest DRAWDOWN Elevation -76.8 feet (elev) (difference between top of casing and estimated pumping depth)
Trailer Inlet Elevation 61.5 feet (elev) (assumed grade elev. @INJ-LA4-144= 56.48';closest to the trailer)



Calculated headloss from submersible pump inlet to injection well.



Total
Flow Flow Velocity Friction Losses Entrance Discharge Head Loss



C = 140 Losses Losses C = 140
gpm cfs ft/sec ft ft ft ft



90 0.201 4.08 9.0 0.130 0.259 148



Notes: 1 Static discharge head is the difference between the trailer inlet elevation and the lowest drawdown elevation
2 Total equiv. length is based on the following: 



180 ft of pipe in well
175 ft of hose from well to trailer



53 ft of equivalent length of fittings
408 total equivalent length
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CALCULATION WORKSHEET NO. HL#3
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations (HL #3 - Headloss inside trailer)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



SYSTEM  HEAD  LOSS  WORKSHEET



 = 0.002083 X L X (100/C)1.85 X [Q1.85/d4.8655]



INPUT: Pipeline Type PVC CALCULATED: Static Discharge Head 4.0 feet1



Hazen/Williams Coefficient 140 Cross-sectional Area of Pipe 0.049 SF
Pipeline Diameter 3 inches Cross-sectional Area of Pipe 0.022 SF
Equivalent Length of 3 inch Pipe 120 feet2



Pipeline Diameter 2 inches
Length of 2 inch Pipe 7 feet
Trailer Inlet Elevation 61.5 feet (elev) (assumed grade elev. @INJ-LA4-144= 56.48';closest to the trailer)
High Pipe Elevation 65.5 feet (elev)



Calculated headloss from submersible pump inlet to injection well.



Total
Flow Flow Velocity Friction Losses Entrance Discharge Head Loss



C = 140 Losses Losses C = 140
gpm cfs ft/sec ft ft ft ft



90 0.201 4.08 2.6 0.130 0.259 7
90 0.201 9.19 1.1 0.656 1.312 3



Notes: 1 Static head is based on 4 ft thru trailer
2 Equiv. length is based on 25 ft of 3" pipe in trailer + 95  ft (equiv length in fittings).
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CALCULATION WORKSHEET NO. HL#4
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations  (HL #4 - Headloss from trailer to injection well)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



SYSTEM  HEAD  LOSS  WORKSHEET



 = 0.002083 X L X (100/C)1.85 X [Q1.85/d4.8655]



INPUT: Pipeline Type Rubber Hose CALCULATED: Static Discharge Head 0.0 feet1



Hazen/Williams Coefficient (New) 135 Cross-sectional Area of Pipe 0.012 SF
Pipeline Diameter 1.5 inches
Equivalent Length of Pipe 441 feet2



Trailer Discharge Elevation 61.5 feet (elev) (assumed grade elev. @INJ-LA4-144= 56.48';closest to the trailer)
Injection Well Elevation 55.69 feet (elev)



Calculated headloss from submersible pump inlet to injection well.



Total
Flow Flow Velocity Friction Losses Entrance Discharge Head Loss



C = 135 Losses Losses C = 135
gpm cfs ft/sec ft ft ft ft



18 0.040 3.27 15.4 0.083 0.166 16



Notes: 1 Static head is based on elevation difference between trailer and injection well when injection well is
at a higher elevation than the trailer discharge elevation



2 Total equiv. length is based on the following: 
406 ft of hose to injection well
35 ft of equivalent length of fittings



441 total equivalent length
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CALCULATION WORKSHEET NO. HL#5
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations (HL#5 - Summary of Headloss)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



Source Headloss Headloss
(ft)



HL# 2 From pump to Trailer 148
HL #3 Within Trailer 10 pipe & fittings
HL #1 Appurtenances in Trailer 25 filter, flow meter, mixer
HL #4 From Trailer to injection well 16
HL #1 Flowmeter on Injection line 2.3 flow meter



201



Total Sytem requirement Flow Rate (GPM) 90
Total Head (FT) 201



EA recommends Model 75S75-12 Grundfos Pump








			sketch of hydraulic path


			Trailer Map


			HL #1 Equivalent Lengths


			HL#2 Haz Wil Eq pump to trailer


			HL #3 Haz Wil Eq 3" trailer


			#4 Haz Wil Eq trailr -inj well


			HL #5 Total Headloss









Hydraulic Analysis/Backup Calculations/Puchack_Calcs_HeadLossCalc_LA6.pdf




EA Engineering, Science,and Technology, Inc., PBC January 2021



 



  
 



 
 



 
 



  
 



 
 



17 ft estimated drawdown based on yield 
test data



-3.38 ft elev



-20.13 ft elev



YIELD TEST RESULTS FOR EX-L-6



PUMPING RATE = 67 GPM
PUMPING WATER LEVEL = 77 FT BELOW TOP OF CASING



DESIGN FLOW RATE = 108 GPM
ESTIMATED DRAWDOWN= 91 FT BELOW TOP OF CASING



62.31 ft elev
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Figure only intended to provide a visual content for the path from extraction well to trailer and injection well.



Figure only intended to provide a visual content for the path from extraction well to trailer and injection well.
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CALCULATION WORKSHEET NO. HL#1
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations (HL#1 - Equivalent Lengths of fittings)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



1 - Equivalent Lengths - Fittings From Pump to Trailer Inlet



Description Eq Length Qty Eq. Length
per fitting ft



ft



3" TEE branched 17 1 17
3" Elbow 8.1 2 16.2
3" Check Valve (fully open) 20 1 20



53 to SHEET HL #2



2 - Equivalent Lengths - Fittings Within Trailer



Description Eq Length Qty Eq. Length
per fitting ft



ft



2" Elbow 5.5 2 11
3" X 2" Reducer 5 1 5
3" TEE Straight Thru 5.11 2 10.22
3" Ball Valve (1/4 closed) 10 2 20
3" Elbow 8.1 5 40.5
3" Check Valve (fully open) 20 1 20



107 to SHEET HL #3



3 - Additional Losses Thru Appurtenances (in trailer)



Head Loss Head Loss
Item psi ft



Bag filter-HL to trigger bag change 2 4.62
Flow Meter 1 2.31 (less than 1 psi full range at 20 ft/s)
Mixer 11.5 26.57 (Refer to mixer headloss curve sheet)



33.50 to SHEET HL #5



The headloss (HL) calculations break the system down in three sections:
1 - From the submersible pump to the treatment trailer 
2 - The treatment trailer, and 
3 - From the treatment trailer to the injection well



These calcs are covered by five worksheets:
HL#1 - This sheet with equivalent lengths of fittings estimated.
HL#2 - From the submersible pump to the treatment trailer 
HL#3 - Piping in treatment trailer
HL#4 - From the treatment trailer to the injection well
HL#5 - Summary of losses



The injection series for LA6 was evaluated assuming the extraction rate is 108 gpm at EX-L-6 and injection rate is 18 gpm at RA-
LA10-102. Injection well RA-LA10-102 was examined as worst case scenario because it is located the farthest from the trailer.
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CALCULATION WORKSHEET NO. HL#1
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations (HL#1 - Equivalent Lengths of fittings)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



         
4 - Equivalent Lengths - Fittings on Injection Manifold



Description Eq Length Qty Eq. Length
per fitting ft



1.5" elbow 4.3 3 12.9
3" X 1.5" Reducer 5 1 5
1.5" TEE Straight Thru 3 1 3
1.5" Gate Valve (1/4 closed) 5.5 1 5.5



26 to SHEET HL #4



5 - Equivalent Lengths - Fittings on Injection Well



Description Eq Length Qty Eq. Length
per fitting ft



1.5" TEE branched 9 1 9



9 to SHEET HL#4



6 - Additional Losses Thru Appurtenances (on injection line)



Head Loss Head Loss
Item psi ft



Flow Meter 1 2.31



2.31 to SHEET HL #5
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CALCULATION WORKSHEET NO. HL#2
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations (HL #2 - Path from pump to treatment trailer)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



SYSTEM  HEAD  LOSS  WORKSHEET



 = 0.002083 X L X (100/C)1.85 X [Q1.85/d4.8655]



INPUT: Pipeline Type PVC CALCULATED: Static Discharge Head 101.8 feet1



Hazen/Williams Coefficient 140 Cross-sectional Area of Pipe 0.049 SF
Pipeline Diameter 3 inches [Lay flat hose is 4 inch, but assumed 3" as a conservative approach]
Total Equivalent Length of Pipe 1279 feet2



Lowest DRAWDOWN Elevation -34.4 feet (elev) (difference between top of casing and estimated pumping depth)
Trailer Inlet Elevation 67 feet (elev) (assumed grade elev. @RA-14D = 62.46';closest to the trailer)



Calculated headloss from submersible pump inlet to injection well.



Total
Flow Flow Velocity Friction Losses Entrance Discharge Head Loss



C = 140 Losses Losses C = 140
gpm cfs ft/sec ft ft ft ft



108 0.241 4.90 39.4 0.187 0.373 142



Notes: 1 Static discharge head is the difference between the trailer inlet elevation and the lowest drawdown elevation
2 Total equiv. length is based on the following: 



180 ft of pipe in well
1046 ft of hose from well to trailer



53 ft of equivalent length of fittings
1279 total equivalent length
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CALCULATION WORKSHEET NO. HL#3
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations (HL #3 - Headloss inside trailer)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



SYSTEM  HEAD  LOSS  WORKSHEET



 = 0.002083 X L X (100/C)1.85 X [Q1.85/d4.8655]



INPUT: Pipeline Type PVC CALCULATED: Static Discharge Head 4.0 feet1



Hazen/Williams Coefficient 140 Cross-sectional Area of Pipe 0.049 SF
Pipeline Diameter 3 inches Cross-sectional Area of Pipe 0.022 SF
Equivalent Length of 3 inch Pipe 132 feet2



Pipeline Diameter 2 inches
Length of 2 inch Pipe 7 feet
Trailer Inlet Elevation 67.5 feet (elev) (assumed grade elev. @RA-14D = 62.46';closest to the trailer)
High Pipe Elevation in trailer 71.5 feet (elev)



Calculated headloss from submersible pump inlet to injection well.



Total
Flow Flow Velocity Friction Losses Entrance Discharge Head Loss



C = 140 Losses Losses C = 140
gpm cfs ft/sec ft ft ft ft



108 0.241 4.90 4.1 0.187 0.373 8.6
108 0.241 11.03 1.6 0.944 1.889 4.4



Notes: 1 Static head is based on 4 ft thru trailer
2 Equiv. length is based on 25 ft of 3" pipe in trailer+ 107  ft (equiv length in fittings).
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CALCULATION WORKSHEET NO. HL#4
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations  (HL #4 - Headloss from trailer to injection well)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



SYSTEM  HEAD  LOSS  WORKSHEET



 = 0.002083 X L X (100/C)1.85 X [Q1.85/d4.8655]



INPUT: Pipeline Type Rubber Hose CALCULATED: Static Discharge Head 0.0 feet1



Hazen/Williams Coefficient (New) 135 Cross-sectional Area of Pipe 0.012 SF
Pipeline Diameter 1.5 inches
Equivalent Length of Pipe 613 feet2



Trailer Discharge Elevation 67.5 feet (elev) (assumed grade elev. @RA-14D = 62.46';closest to the trailer)
Injection Well Elevation 62.3 feet (elev)



Calculated headloss from submersible pump inlet to injection well.



Total
Flow Flow Velocity Friction Losses Entrance Discharge Head Loss



C = 135 Losses Losses C = 135
gpm cfs ft/sec ft ft ft ft



18 0.040 3.27 21.4 0.083 0.166 22



Notes: 1 Static head is based on elevation difference between trailer and injection well when injection well is 
at a higher elevation than the trailer discharge elevation



2 Total equiv. length is based on the following: 
578 ft of hose to injection well



35 ft of equivalent length of fittings
613 total equivalent length
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CALCULATION WORKSHEET NO. HL#5
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations (HL#5 - Summary of Headloss)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



Source Headloss Headloss
(ft)



HL# 2 From pump to Trailer 142
HL #3 Within Trailer 13 pipe & fittings
HL #1 Appurtenances in Trailer 33 filter, flow meter, mixer
HL #4 From Trailer to injection well 22
HL #1 Flowmeter on Injection line 2.3 flow meter



212



Total Sytem requirement Flow Rate (GPM) 108
Total Head (FT) 212



EA recommends 230S200-5 Grundfos Pump








			sketch of hydraulic path


			Trailer Map


			HL #1 Equivalent Lengths


			HL#2 Haz Wil Eq pump to trailer


			HL #3 Haz Wil Eq 3" trailer


			#4 Haz Wil Eq trailr -inj well


			HL #5 Total Headloss
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25 ft estimated  drawdown based 
on yield test data



-2.51 ft elev



-27.46 ft elev



59.55 ft elev



EX-L-8



YIELD TEST RESULTS FOR EX-L-8



PUMPING RATE = 81 GPM
PUMPING WATER LEVEL = 84.5 FT BELOW TOP OF CASING



DESIGN FLOW RATE = 84 GPM



EX-L-7



969 ft306 ft



57.04 ft elev
58.88 ft elev
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Figure only intended to provide a visual content for the path from extraction well to trailer and injection well
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CALCULATION WORKSHEET NO. HL#1
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations (HL#1 - Equivalent Lengths of fittings)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



1 - Equivalent Lengths - Fittings To Trailer from EX Well



Description Eq Length Qty Eq. Length
per fitting ft



ft



3" TEE branched 17 3 51
3" Elbow 8.1 2 16.2
3" Check Valve (fully open) 20 1 20



87 to SHEET HL #2



2 - Equivalent Lengths - Fittings Within Trailer



Description Eq Length Qty Eq. Length
per fitting ft



ft



2" elbow 5.5 1 5.5
3" X 2" Reducer 5 1 5
3" TEE Straight Thru 5.11 2 10.22
3" Ball Valve (1/4 closed) 10 2 20
3" elbow 8.1 2 16.2
3" Check Valve (fully open) 20 1 20



77 to SHEET HL #3



3 - Additional Losses Thru Appurtenances (in trailer)



Head Loss Head Loss
Item psi ft



Bag filter-HL to trigger bag change 2 4.62
Flow Meter 1 2.31 (less than 1 psi full range at 20 ft/s)
Mixer 7.1 16.40 (Refer to mixer headloss curve sheet)



23.33 to SHEET HL #5



The headloss (HL) calculations break the system down in three sections:
1 - From the submersible pump to the treatment trailer 
2 - The treatment trailer, and 
3 - From the treatment trailer to the injection well



These calcs are covered by five worksheets:
HL#1 - This sheet with equivalent lengths of fittings estimated.
HL#2 - From the submersible pump to the treatment trailer 
HL#3 - Piping in treatment trailer
HL#4 - From the treatment trailer to the injection well
HL#5 - Summary of losses



The injection series for LA9 was evaluated assuming the extraction rate is 84 gpm at EX-L-8 and injection rate is 14.3 gpm at EX-L-07. 
Injection well EX-L-07 was examined as worst case scenario because it is located the farthest from the trailer.
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CALCULATION WORKSHEET NO. HL#1
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations (HL#1 - Equivalent Lengths of fittings)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



         
4 - Equivalent Lengths - Fittings on Injection Manifold



Description Eq Length Qty Eq. Length
per fitting ft



1.5" elbow 4.3 3 12.9
3" X 1.5" Reducer 5 1 5
1.5" TEE Straight Thru 3 1 3
1.5" Gate Valve (1/4 closed) 5.5 1 5.5



26 to SHEET HL #4



5 - Equivalent Lengths - Fittings on Injection Well



Description Eq Length Qty Eq. Length
per fitting ft



1.5" TEE branched 9 1 9



9 to SHEET HL#4



6 - Additional Losses Thru Appurtenances (on injection line)



Head Loss Head Loss
Item psi ft



Flow Meter 1 2.31



2.31 to SHEET HL #5
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CALCULATION WORKSHEET NO. HL#2
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations (HL #2 - Path from pump to treatment trailer)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



SYSTEM  HEAD  LOSS  WORKSHEET



 = 0.002083 X L X (100/C)1.85 X [Q1.85/d4.8655]



INPUT: Pipeline Type PVC CALCULATED: Static Discharge Head 95.9 feet1



Hazen/Williams Coefficient 140 Cross-sectional Area of Pipe 0.049 SF
Pipeline Diameter 3 inches [Lay flat hose is 4 inch, but assumed 3" as a conservative approach]
Total Equivalent Length of Pipe 569 feet2



Lowest DRAWDOWN Elevation -27.5 feet (elev) (difference between top of casing and estimated pumping depth)
Trailer Inlet Elevation 68.5 feet (elev) (assumed grade elev. @INJ-L-18 = 63.47';closest to the trailer)



Calculated headloss from submersible pump inlet to injection well.



Total
Flow Flow Velocity Friction Losses Entrance Discharge Head Loss



C = 140 Losses Losses C = 140
gpm cfs ft/sec ft ft ft ft



84 0.187 3.81 11.0 0.113 0.226 107



Notes: 1 Static discharge head is the difference between the trailer inlet elevation and the lowest drawdown elevation
2 Total equiv. length is based on the following: 



176 ft of pipe in well
306 ft of hose from well to trailer
87 ft of equivalent length of fittings



569 total equivalent length
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CALCULATION WORKSHEET NO. HL#3
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations (HL #3 - Headloss inside trailer)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



SYSTEM  HEAD  LOSS  WORKSHEET



 = 0.002083 X L X (100/C)1.85 X [Q1.85/d4.8655]



INPUT: Pipeline Type PVC CALCULATED: Static Discharge Head 4.0 feet1



Hazen/Williams Coefficient 140 Cross-sectional Area of Pipe 0.049 SF
Pipeline Diameter 3 inches Cross-sectional Area of Pipe 0.022 SF
Equivalent Length of 3 inch Pipe 102 feet2



Pipeline Diameter 2 inches
Length of 2 inch Pipe 7 feet
Trailer Inlet Elevation 68.5 feet (elev)(assumed grade elev. @INJ-L-18 = 63.47';closest to the trailer)
High Pipe Elevation in trailer 72.5 feet (elev)



Calculated headloss from submersible pump inlet to injection well.



Total
Flow Flow Velocity Friction Losses Entrance Discharge Head Loss



C = 140 Losses Losses C = 140
gpm cfs ft/sec ft ft ft ft



84 0.187 3.81 2 0.113 0.226 6
84 0.187 8.58 1 0.571 1.143 7



Notes: 1 Static head is based on 4 ft thru trailer
2 Equiv. length is based on 25 ft of 3" pipe in trailer + 77  ft (equiv length in fittings).
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CALCULATION WORKSHEET NO. HL#4
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations  (HL #4 - Headloss from trailer to injection well)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



SYSTEM  HEAD  LOSS  WORKSHEET



 = 0.002083 X L X (100/C)1.85 X [Q1.85/d4.8655]



INPUT: Pipeline Type Rubber Hose CALCULATED: Static Discharge Head 0.0 feet1



Hazen/Williams Coefficient (New) 135 Cross-sectional Area of Pipe 0.012 SF
Pipeline Diameter 1.5 inches
Equivalent Length of Pipe 1004 feet2



Trailer Discharge Elevation 68.5 feet (elev) (assumed grade elev. @INJ-L-18 = 63.47';closest to the trailer)
Injection Well Elevation 58.9 feet (elev)



Calculated headloss from submersible pump inlet to injection well.



Total
Flow Flow Velocity Friction Losses Entrance Discharge Head Loss



C = 135 Losses Losses C = 135
gpm cfs ft/sec ft ft ft ft



14.3 0.032 2.60 22.9 0.052 0.105 23



Notes: 1 Static head is based on elevation difference between trailer and injection well when injection well is at a higher elevation
than the trailer discharge elevation



2 Total equiv. length is based on the following: 
969 ft of hose to injection well
35 ft of equivalent length of fittings



1004 total equivalent length
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CALCULATION WORKSHEET NO. HL#5
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations (HL#5 - Summary of Headloss)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



Source Headloss Headloss
(ft)



HL# 2 From pump to Trailer 107
HL #3 Within Trailer 13 pipe & fittings
HL #1 Appurtenances in Trailer 23 filter, flow meter, mixer
HL #4 From Trailer to injection well 23
HL #1 Flowmeter on Injection line 2.3 flow meter



169



Total Sytem requirement Flow Rate (GPM) 84
Total Head (FT) 169



EA recommends 75S75-12 Grundfos Pump








			sketch of hydraulic path


			Trailer Map


			HL #1 Equivalent Lengths


			HL#2 Haz Wil Eq pump to trailer


			HL #3 Haz Wil Eq 3" trailer


			#4 Haz Wil Eq trailr -inj well


			HL #5 Total Headloss
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YIELD TEST RESULTS FOR EX-LB-101



PUMPING RATE = 104 GPM
PUMPING WATER LEVEL = 199 FT BELOW TOP OF CASING



DESIGN FLOW RATE = 120 GPM
ESTIMATED DRAWDOWN = 230 FT BELOW TOP OF CASING



139 ft estimated drawdown based on yield test data



-142.82 ft elev



358 ft55 ft



RA-40D



54.04
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Figure only intended to provide a visual content for the path from extraction well to trailer and injection well
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CALCULATION WORKSHEET NO. HL#1
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations (HL#1 - Equivalent Lengths of fittings)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



1 - Equivalent Lengths - Fittings From Pump to Trailer Inlet



Description Eq Length Qty Eq. Length
per fitting ft



ft



3" TEE branched 17 1 17
3" elbow 8.1 2 16.2
3" Check Valve (fully open) 20 1 20



53 to SHEET HL #2



2 - Equivalent Lengths - Fittings Within Trailer



Description Eq Length Qty Eq. Length
per fitting ft



ft



2-inch elbow 5.5 2 11
3" X 2" Reducer 5 1 5
3" TEE Straight Thru 5.11 2 10.22
3" Ball Valve (1/4 closed) 10 2 20
3-inch elbow 8.1 5 40.5
3" Check Valve (fully open) 20 1 20



107 to SHEET HL #3



3 - Additional Losses Thru Appurtenances (in trailer)



Head Loss Head Loss
Item psi ft



Bag filter-HL to trigger bag change 2 4.62
Flow Meter 1 2.31 (less than 1 psi full range at 20 ft/s)
Mixer 14 32.34 (Refer to mixer headloss curve sheet)



39 to SHEET HL #5



The headloss (HL) calculations break the system down in three sections:
1 - From the submersible pump to the treatment trailer 
2 - The treatment trailer, and 
3 - From the treatment trailer to the injection well



These calcs are covered by five worksheets:
HL#1 - This sheet with equivalent lengths of fittings estimated.
HL#2 - From the submersible pump to the treatment trailer 
HL#3 - Piping in treatment trailer
HL#4 - From the treatment trailer to the injection well
HL#5 - Summary of losses



The injection series for LB1 was evaluated assuming the extraction rate is 120 gpm at EX-LB-101 and injection rate is 30 gpm at
RA-40D. Injection well RA-40D was examined as worst case scenario because it is located the farthest from the trailer.











EA Engineering, Science,and Technology, Inc., PBC Janaury 2021



CALCULATION WORKSHEET NO. HL#1
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations (HL#1 - Equivalent Lengths of fittings)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



         
4 - Equivalent Lengths - Fittings on Injection Manifold



Description Eq Length Qty Eq. Length
per fitting ft



1.5-inch elbow 4.3 3 12.9
3" X 1.5" Reducer 5 1 5
1.5" TEE Straight Thru 3 1 3
1.5" Gate Valve (1/4 closed) 5.5 1 5.5



26 to SHEET HL #4



5 - Equivalent Lengths - Fittings on Injection Well



Description Eq Length Qty Eq. Length
per fitting ft



1.5" TEE branched 9 1 9



9 to SHEET HL#4



6 - Additional Losses Thru Appurtenances (on injection line)



Head Loss Head Loss
Item psi ft



Flow Meter 1 2.31



2.31 to SHEET HL #5
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CALCULATION WORKSHEET NO. HL#2
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations (HL #2 - Path from pump to treatment trailer)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



SYSTEM  HEAD  LOSS  WORKSHEET



 = 0.002083 X L X (100/C)1.85 X [Q1.85/d4.8655]



INPUT: Pipeline Type PVC CALCULATED: Static Discharge Head 235.5 feet1



Hazen/Williams Coefficient 140 Cross-sectional Area of Pipe 0.049 SF
Pipeline Diameter 3 inches [Lay flat hose is 4 inch, but assumed 3" as a conservative approach]
Total Equivalent Length of Pipe 343 feet2



Lowest DRAWDOWN Elevation -173.8 feet (elev) (difference between top of casing and estimated pumping depth)
Trailer Inlet Elevation 61.7 feet (elev) (assumed grade elev. @INJ-LA5-153 = 56.70';closest to the trailer)



Calculated headloss from submersible pump inlet to injection well.



Total
Flow Flow Velocity Friction Losses Entrance Discharge Head Loss



C = 140 Losses Losses C = 140
gpm cfs ft/sec ft ft ft ft



120 0.267 5.45 12.9 0.230 0.461 249



Notes: 1 Static discharge head is the difference between the trailer inlet elevation and the lowest drawdown elevation
2 Total equiv. length is based on the following: 



235 ft of pipe in well
55 ft of hose from well to trailer
53 ft of equivalent length of fittings



343 total equivalent length
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CALCULATION WORKSHEET NO. HL#3
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations (HL #3 - Headloss inside trailer)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



SYSTEM  HEAD  LOSS  WORKSHEET



 = 0.002083 X L X (100/C)1.85 X [Q1.85/d4.8655]



INPUT: Pipeline Type PVC CALCULATED: Static Discharge Head 4.0 feet1



Hazen/Williams Coefficient 140 Cross-sectional Area of Pipe 0.049 SF
Pipeline Diameter 3 inches Cross-sectional Area of Pipe 0.022 SF
Equivalent Length of 3 inch Pipe 132 feet2



Pipeline Diameter 2 inches
Length of 2 inch Pipe 7 feet
Trailer Inlet Elevation 61.7 feet (elev) (assumed grade elev. @INJ-LA5-153 = 56.70';closest to the trailer)
High Pipe Elevation in trailer 65.7 feet (elev)



Calculated headloss from submersible pump inlet to injection well.



Total
Flow Flow Velocity Friction Losses Entrance Discharge Head Loss



C = 140 Losses Losses C = 140
gpm cfs ft/sec ft ft ft ft



120 0.267 5.45 4.9 0.230 0.461 9.6
120 0.267 12.25 1.9 1.166 2.332 5.4



Notes: 1 Static head is based on 4 ft thru trailer
2 Equiv. length is based on 25 ft of 3" pipe in trailer+ 107  ft (equiv length in fittings).
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CALCULATION WORKSHEET NO. HL#4
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations  (HL #4 - Headloss from trailer to injection well)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



SYSTEM  HEAD  LOSS  WORKSHEET



 = 0.002083 X L X (100/C)1.85 X [Q1.85/d4.8655]



INPUT: Pipeline Type Rubber Hose CALCULATED: Static Discharge Head 0.0 feet1



Hazen/Williams Coefficient (New) 135 Cross-sectional Area of Pipe 0.012 SF
Pipeline Diameter 1.5 inches
Equivalent Length of Pipe 393 feet2



Trailer Discharge Elevation 61.7 feet (elev) (assumed grade elev. @INJ-LA5-153 = 56.70';closest to the trailer)
Injection Well Elevation 54.0 feet (elev)



Calculated headloss from submersible pump inlet to injection well.



Total
Flow Flow Velocity Friction Losses Entrance Discharge Head Loss



C = 135 Losses Losses C = 135
gpm cfs ft/sec ft ft ft ft



30 0.067 5.45 35.3 0.230 0.461 36



Notes: 1 Static head is based on elevation difference between trailer and injection well when injection well is 
at a higher elevation than the trailer discharge elevation



2 Total equiv. length is based on the following: 
358 ft of hose to injection well



35 ft of equivalent length of fittings
393 total equivalent length
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CALCULATION WORKSHEET NO. HL#5
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations (HL#5 - Summary of Headloss)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



Source Headloss Headloss
(ft)



HL# 2 From pump to Trailer 249
HL #3 Within Trailer 15 pipe & fittings
HL #1 Appurtenances in Trailer 39 filter, flow meter, mixer
HL #4 From Trailer to injection well 36
HL #1 Flowmeter on Injection line 2.3 flow meter



342



Total Sytem requirement Flow Rate (GPM) 120
Total Head (FT) 342



EA recommends 230S200-5 Grundfos Pump








			sketch of hydraulic path


			Trailer Map


			HL #1 Equivalent Lengths


			HL#2 Haz Wil Eq pump to trailer


			HL #3 Haz Wil Eq 3" trailer


			HL#4 HazWil Eq trailr -inj well


			HL #5 Total Headloss
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YIELD TEST RESULTS FOR EX-LB-101



PUMPING RATE = 104 GPM
PUMPING WATER LEVEL = 199 FT BELOW TOP OF CASING



DESIGN FLOW RATE = 90 GPM



139 ft estimated drawdown based on yield test data



-142.82 ft elev



414 ft elev221 ft elev
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Figure only intended to provide a visual content for the path from extraction well to trailer and injection well.











CALCULATION WORKSHEET NO. HL#1
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations (HL#1 - Equivalent Lengths of fittings)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



1 - Equivalent Lengths - Fittings From Pump to Trailer Inlet



Description Eq Length Qty Eq. Length
per fitting ft



ft



3" TEE branched 17 1 17
3" elbow 8.1 2 16.2
3" Check Valve (fully open) 20 1 20



53 to SHEET HL #2



2 - Equivalent Lengths - Fittings Within Trailer



Description Eq Length Qty Eq. Length
per fitting ft



ft



2-inch elbow 5.5 2 11
3" X 2" Reducer 5 1 5
3" TEE Straight Thru 5.11 2 10.22
3" Ball Valve (1/4 closed) 10 2 20
3-inch elbow 8.1 5 40.5
3" Check Valve (fully open) 20 1 20



107 to SHEET HL #3



3 - Additional Losses Thru Appurtenances (in trailer)



Head Loss Head Loss
Item psi ft



Bag filter-HL to trigger bag change 2 4.62
Flow Meter 1 2.31 (less than 1 psi full range at 20 ft/s)
Mixer 8 18.48 (Refer to mixer headloss curve sheet)



25 to SHEET HL #5



The headloss (HL) calculations break the system down in three sections:
1 - From the submersible pump to the treatment trailer 
2 - The treatment trailer, and 
3 - From the treatment trailer to the injection well



These calcs are covered by five worksheets:
HL#1 - This sheet with equivalent lengths of fittings estimated.
HL#2 - From the submersible pump to the treatment trailer 
HL#3 - Piping in treatment trailer
HL#4 - From the treatment trailer to the injection well
HL#5 - Summary of losses



The injection series for LB1 was evaluated assuming the extraction rate is 90 gpm at EX-LB-101 and injection rate is 30 gpm at
INJ-LB2-123. Injection well INJ-LB2-123 was examined as worst case scenario because it is located the farthest from the trailer.











CALCULATION WORKSHEET NO. HL#1
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations (HL#1 - Equivalent Lengths of fittings)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



         
4 - Equivalent Lengths - Fittings on Injection Manifold



Description Eq Length Qty Eq. Length
per fitting ft



1.5-inch elbow 4.3 3 12.9
3" X 1.5" Reducer 5 1 5
1.5" TEE Straight Thru 3 1 3
1.5" Gate Valve (1/4 closed) 5.5 1 5.5



26 to SHEET HL #4



5 - Equivalent Lengths - Fittings on Injection Well



Description Eq Length Qty Eq. Length
per fitting ft



1.5" TEE branched 9 1 9



9 to SHEET HL#4



6 - Additional Losses Thru Appurtenances (on injection line)



Head Loss Head Loss
Item psi ft



Flow Meter 1 2.31



2.31 to SHEET HL #5











CALCULATION WORKSHEET NO. HL#2
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations (HL #2 - Path from pump to treatment trailer)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



SYSTEM  HEAD  LOSS  WORKSHEET



 = 0.002083 X L X (100/C)1.85 X [Q1.85/d4.8655]



INPUT: Pipeline Type PVC CALCULATED: Static Discharge Head 204 feet1



Hazen/Williams Coefficient 140 Cross-sectional Area of Pipe 0.049 SF
Pipeline Diameter 3 inches [Lay flat hose is 4 inch, but assumed 3" as a conservative approach]
Total Equivalent Length of Pipe 509 feet2



Lowest DRAWDOWN Elevation -142.8 feet (elev) (difference between top of casing and estimated pumping depth)
Trailer Inlet Elevation 60.8 feet (elev) (assumed grade elev. @INJ-LA5-155A = 54.81';closest to the trailer)



Calculated headloss from submersible pump inlet to injection well.



Total
Flow Flow Velocity Friction Losses Entrance Discharge Head Loss



C = 140 Losses Losses C = 140
gpm cfs ft/sec ft ft ft ft



90 0.201 4.08 11.2 0.130 0.259 215



Notes: 1 Static discharge head is the difference between the trailer inlet elevation and the lowest drawdown elevation
2 Total equiv. length is based on the following: 



235 ft of pipe in well
221 ft of hose from well to trailer
53 ft of equivalent length of fittings



509 total equivalent length











CALCULATION WORKSHEET NO. HL#3
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations (HL #3 - Headloss inside trailer)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



SYSTEM  HEAD  LOSS  WORKSHEET



 = 0.002083 X L X (100/C)1.85 X [Q1.85/d4.8655]



INPUT: Pipeline Type PVC CALCULATED: Static Discharge Head 4.0 feet1



Hazen/Williams Coefficient 140 Cross-sectional Area of Pipe 0.049 SF
Pipeline Diameter 3 inches Cross-sectional Area of Pipe 0.022 SF
Equivalent Length of 3 inch Pipe 132 feet2



Pipeline Diameter 2 inches
Length of 2 inch Pipe 7 feet
Trailer Inlet Elevation 60.8 feet (elev) (assumed grade elev. @INJ-LA5-155A = 54.81';closest to the trailer)
High Pipe Elevation in trailer 64.8 feet (elev)



Calculated headloss from submersible pump inlet to injection well.



Total
Flow Flow Velocity Friction Losses Entrance Discharge Head Loss



C = 140 Losses Losses C = 140
gpm cfs ft/sec ft ft ft ft



90 0.201 4.08 2.9 0.130 0.259 7.3
90 0.201 9.19 1.1 0.656 1.312 3.1



Notes: 1 Static head is based on 4 ft thru trailer
2 Equiv. length is based on 25 ft of 3" pipe in trailer+ 107  ft (equiv length in fittings).











CALCULATION WORKSHEET NO. HL#4
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations  (HL #4 - Headloss from trailer to injection well)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



SYSTEM  HEAD  LOSS  WORKSHEET



 = 0.002083 X L X (100/C)1.85 X [Q1.85/d4.8655]



INPUT: Pipeline Type Rubber Hose CALCULATED: Static Discharge Head 0.0 feet1



Hazen/Williams Coefficient (New) 135 Cross-sectional Area of Pipe 0.012 SF
Pipeline Diameter 1.5 inches
Equivalent Length of Pipe 449 feet2



Trailer Discharge Elevation 60.8 feet (elev) (assumed grade elev. @INJ-LA5-155A = 54.81';closest to the trailer)
Injection Well Elevation 55.6 feet (elev)



Calculated headloss from submersible pump inlet to injection well.



Total
Flow Flow Velocity Friction Losses Entrance Discharge Head Loss



C = 135 Losses Losses C = 135
gpm cfs ft/sec ft ft ft ft



30 0.067 5.45 40.4 0.230 0.461 41



Notes: 1 Static head is based on elevation difference between trailer and injection well when injection well is 
at a higher elevation than the trailer discharge elevation



2 Total equiv. length is based on the following: 
414 ft of hose to injection well



35 ft of equivalent length of fittings
449 total equivalent length











CALCULATION WORKSHEET NO. HL#5
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations (HL#5 - Summary of Headloss)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



Source Headloss Headloss
(ft)



HL# 2 From pump to Trailer 215
HL #3 Within Trailer 10 pipe & fittings
HL #1 Appurtenances in Trailer 25 filter, flow meter, mixer
HL #4 From Trailer to injection well 41
HL #1 Flowmeter on Injection line 2.3 flow meter



294



Total Sytem requirement Flow Rate (GPM) 90
Total Head (FT) 294



EA recommends 230S200-5 Grundfos Pump








			sketch of hydraulic path


			Trailer Map


			HL #1 Equivalent Lengths


			HL#2 Haz Wil Eq pump to trailer


			HL #3 Haz Wil Eq 3" trailer


			#4 Haz Wil Eq trailr -inj well


			HL #5 Total Headloss
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36 ft estimated drawdown drawdown based on yield test data



-41.01 ft elev



57.57 ft bgs



-4.58 ft elev



YIELD TEST RESULTS FOR EX-LB-103



PUMPING RATE = 145 GPM
PUMPING WATER LEVEL = 94 FT BELOW TOP OF CASING



DESIGN FLOW RATE  = 114 GPM



42.29 ft bgs
(elevation of INJ-LB4-141 
is used since INJ-LB4-142 
is not surveyed.



EX-LB-103
52.99 ft elev



411 ft 559 ft



220-240 ft bgs



-167.01 ft elev



-162.01 ft elev



INJ-LB4-142



LB4-LA10-LA11 Series
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Figure only intended to provide a visual content for the path from extraction well to trailer and injection well.
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CALCULATION WORKSHEET NO. HL#1
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations (HL#1 - Equivalent Lengths of fittings)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



1 - Equivalent Lengths - Fittings To Trailer from EX Well



Description Eq Length Qty Eq. Length
per fitting ft



ft



3" TEE branched 17 1 17
3" Elbow 8.1 2 16.2
3" Check Valve (fully open) 20 1 20



53 to SHEET HL #2



2 - Equivalent Lengths - Fittings Within Trailer



Description Eq Length Qty Eq. Length
per fitting ft



ft



2" Elbow 5.5 2 11
3" X 2" Reducer 5 1 5
3" TEE Straight Thru 5.11 2 10.22
3" Ball Valve (1/4 closed) 10 2 20
3" Elbow 8.1 5 40.5
3" Check Valve (fully open) 20 1 20



107 to SHEET HL #3



3 - Additional Losses Thru Appurtenances (in trailer)



Head Loss Head Loss
Item psi ft



Bag filter-HL to trigger bag change 2 4.62
Flow Meter 1 2.31 (less than 1 psi full range at 20 ft/s)
Mixer 13 30.03 (Refer to mixer headloss curve sheet)



36.96 to SHEET HL #5



The headloss (HL) calculations break the system down in three sections:
1 - From the submersible pump to the treatment trailer (all flex hose and camlock fittings)
2 - The treatment trailer, and 
3 - From the treatment trailer to the injection well



These calcs are covered by five worksheets:
HL#1 - This sheet with equivalent lengths of fittings estimated.
HL#2 - From the submersible pump to the treatment trailer 
HL#3 - Piping in treatment trailer
HL#4 - From the treatment trailer to the injection well
HL#5 - Summary of losses



The injection series for M3 was evaluated assuming the extraction rate is 90 gpm at EX-M-103 and injection rate is 30 
gpm at INJ-M3-133. Injection well INJ-M3-133 was examined as worst case scenario because it is located the farthest 
from the trailer.



The headloss (HL) calculations break the system down in three sections:
1 - From the submersible pump to the treatment trailer 
2 - The treatment trailer, and 
3 - From the treatment trailer to the injection well



These calcs are covered by five worksheets:
HL#1 - This sheet with equivalent lengths of fittings estimated.
HL#2 - From the submersible pump to the treatment trailer 
HL#3 - Piping in treatment trailer
HL#4 - From the treatment trailer to the injection well
HL#5 - Summary of losses



The injection series for LB4/LA10/LA11 was evaluated assuming the extraction rate is 114 gpm at EX-LB-103 and injection 
rate is 30 gpm at INJ-LB4-142. Injection well INJ-LB4-142 was examined as worst case scenario because it is located the 
farthest from the trailer.
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CALCULATION WORKSHEET NO. HL#1
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations (HL#1 - Equivalent Lengths of fittings)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



                  
4 - Equivalent Lengths - Fittings on Injection Manifold



Description Eq Length Qty Eq. Length
per fitting ft



1.5" Elbow 4.3 3 12.9
3" X 1.5" Reducer 5 1 5
1.5" TEE Straight Thru 3 1 3
1.5" Gate Valve (1/4 closed) 5.5 1 5.5



26 to SHEET HL #4



5 - Equivalent Lengths - Fittings on Injection Well



Description Eq Length Qty Eq. Length
per fitting ft



1.5" TEE branched 9 1 9



9 to SHEET HL#4



6 - Additional Losses Thru Appurtenances (on injection line)



Head Loss Head Loss
Item psi ft



Flow Meter 1 2.31



2.31 to SHEET HL #5
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CALCULATION WORKSHEET NO. HL#2
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations (HL #2 - Path from pump to treatment trailer)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



SYSTEM  HEAD  LOSS  WORKSHEET



 = 0.002083 X L X (100/C)1.85 X [Q1.85/d4.8655]



INPUT: Pipeline Type PVC CALCULATED: Static Discharge Head 100.8 feet1



Hazen/Williams Coefficient 140 Cross-sectional Area of Pipe 0.049 SF
Pipeline Diameter 3 inches [Lay flat hose is 4 inch, but assumed 3" as a conservative approach]
Total Equivalent Length of Pipe 679 feet2



Lowest DRAWDOWN Elevation -41.01 feet (elev) (difference between top of casing and estimated pumping depth)
Trailer Inlet Elevation 59.8 feet (elev) (assumed grade elev. @INJ-LA12-121 = 54.78';closest to the trailer)



Calculated headloss from submersible pump inlet to injection well.



Total
Flow Flow Velocity Friction Losses Entrance Discharge Head Loss



C = 140 Losses Losses C = 140
gpm cfs ft/sec ft ft ft ft



114 0.254 5.17 23.1 0.208 0.416 125



Notes: 1 Static discharge head is the difference between the trailer inlet elevation and the lowest drawdown elevation
2 Total equiv. length is based on the following: 



215 ft of pipe in well
411 ft of hose from well to trailer



53 ft of equivalent length of fittings
679 total equivalent length
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CALCULATION WORKSHEET NO. HL#3
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations (HL #3 - Headloss inside trailer)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



SYSTEM  HEAD  LOSS  WORKSHEET



 = 0.002083 X L X (100/C)1.85 X [Q1.85/d4.8655]



INPUT: Pipeline Type PVC CALCULATED: Static Discharge Head 4.0 feet1



Hazen/Williams Coefficient 140 Cross-sectional Area of Pipe 0.049 SF
Pipeline Diameter 3 inches Cross-sectional Area of Pipe 0.022 SF
Equivalent Length of 3 inch Pipe 132 feet2



Pipeline Diameter 2 inches
Length of 2 inch Pipe 7 feet
Trailer Inlet Elevation 59.8 feet (elev) (assumed grade elev. @INJ-LA12-121 = 54.78';closest to the traile
High Pipe Elevation in trailer 63.8 feet (elev)



Calculated headloss from submersible pump inlet to injection well.



Total
Flow Flow Velocity Friction Losses Entrance Discharge Head Loss



C = 140 Losses Losses C = 140
gpm cfs ft/sec ft ft ft ft



114 0.254 5.17 4.5 0.208 0.416 9.1
114 0.254 11.64 1.7 1.052 2.105 4.9



Notes: 1 Static head is based on 4 ft thru trailer
2 Equiv. length is based on 25 ft of 3" pipe in trailer + 106.72  ft (equiv length in fittings).
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CALCULATION WORKSHEET NO. HL#4
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations  (HL #4 - Headloss from trailer to injection well)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



SYSTEM  HEAD  LOSS  WORKSHEET



 = 0.002083 X L X (100/C)1.85 X [Q1.85/d4.8655]



INPUT: Pipeline Type Rubber Hose CALCULATED: Static Discharge Head 0.0 feet1



Hazen/Williams Coefficient (New) 135 Cross-sectional Area of Pipe 0.012 SF
Pipeline Diameter 1.5 inches
Equivalent Length of Pipe 594 feet2



Trailer Discharge Elevation 59.8 feet (elev) (assumed grade elev. @INJ-LA12-121 = 54.78';closest to the trailer)
Injection Well Elevation 42.3 feet (elev)



Calculated headloss from submersible pump inlet to injection well.



Total
Flow Flow Velocity Friction Losses Entrance Discharge Head Loss



C = 135 Losses Losses C = 135
gpm cfs ft/sec ft ft ft ft



30 0.067 5.45 53.4 0.230 0.461 54.1



Notes: 1 Static head is based on elevation difference between trailer and injection well when injection well is at a higher elevation than the trailer
discharge elevation



2 Total equiv. length is based on the following: 
559 ft of hose to injection well



35 ft of equivalent length of fittings
594 total equivalent length
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CALCULATION WORKSHEET NO. HL#5
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations (HL#5 - Summary of Headloss)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



Source Headloss Headloss
(ft)



HL# 2 From pump to Trailer 125
HL #3 Within Trailer 14 pipe & fittings
HL #1 Appurtenances in Trailer 37 filter, flow meter, mixer
HL #4 From Trailer to injection well 54
HL #1 Flowmeter on Injection line 9 flow meter



239



Total Sytem requirement Flow Rate (GPM) 114
Total Head (FT) 239



EA recommends 230S200-5 Grundfos Pump








			sketch of hydraulic path


			TrailerMap


			HL #1 Equivalent Lengths


			HL#2 Haz Wil Eq pump to trailer


			HL #3 Haz Wil Eq 3" trailer


			#4 Haz Wil Eq trailr -inj well


			HL #5 Total Headloss
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40 ft estimated drawdown 
based on yield test data



-3.79 ft elev



-43.58 ft bsl



60.21 ft elev



YIELD TEST RESULTS FOR EX-L-10



PUMPING RATE = 150 GPM
PUMPING WATER LEVEL = 100 FT BELOW TOP OF CASING



DESIGN FLOW RATE = 150 GPM



1039 ft
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Figure only intended to provide a visual content for the path from extraction well to trailer and injection well
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CALCULATION WORKSHEET NO. HL#1
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations (HL#1 - Equivalent Lengths of fittings)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



1 - Equivalent Lengths - Fittings From Pump to Trailer Inlet



Description Eq Length Qty Eq. Length
per fitting ft



ft



3" TEE branched 17 1 17
3" elbow 8.1 2 16.2
3" Check Valve (fully open) 20 1 20



53 to SHEET HL #2



2 - Equivalent Lengths - Fittings Within Trailer



Description Eq Length Qty Eq. Length
per fitting ft



ft



2-inch elbow 5.5 2 11
3" X 2" Reducer 5 1 5
3" TEE Straight Thru 5.11 2 10.22
3" Ball Valve (1/4 closed) 10 2 20
3-inch elbow 8.1 5 40.5
3" Check Valve (fully open) 20 1 20



107 to SHEET HL #3



3 - Additional Losses Thru Appurtenances (in trailer)



Head Loss Head Loss
Item psi ft



Bag filter-HL to trigger bag change 2 4.62
Flow Meter 1 2.31 (less than 1 psi full range at 20 ft/s)
Mixer 22.1 51.05 (Refer to mixer headloss curve sheet)



58 to SHEET HL #5



The headloss (HL) calculations break the system down in three sections:
1 - From the submersible pump to the treatment trailer 
2 - The treatment trailer, and 
3 - From the treatment trailer to the injection well



These calcs are covered by five worksheets:
HL#1 - This sheet with equivalent lengths of fittings estimated.
HL#2 - From the submersible pump to the treatment trailer 
HL#3 - Piping in treatment trailer
HL#4 - From the treatment trailer to the injection well
HL#5 - Summary of losses



The injection series for LB5 was evaluated assuming the extraction rate is 150 gpm at EX-L-10 and injection rate is 30 gpm at INJ-
LB5-152. Injection well INJ-LB5-152 was examined as worst case scenario because it is located the farthest from the trailer.
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CALCULATION WORKSHEET NO. HL#1
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations (HL#1 - Equivalent Lengths of fittings)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



         
4 - Equivalent Lengths - Fittings on Injection Manifold



Description Eq Length Qty Eq. Length
per fitting ft



1.5-inch elbow 4.3 3 12.9
3" X 1.5" Reducer 5 1 5
1.5" TEE Straight Thru 3 1 3
1.5" Gate Valve (1/4 closed) 5.5 1 5.5



26 to SHEET HL #4



5 - Equivalent Lengths - Fittings on Injection Well



Description Eq Length Qty Eq. Length
per fitting ft



1.5" TEE branched 9 1 9



9 to SHEET HL#4



6 - Additional Losses Thru Appurtenances (on injection line)



Head Loss Head Loss
Item psi ft



Flow Meter 1 2.31



2.31 to SHEET HL #5
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CALCULATION WORKSHEET NO. HL#2
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations (HL #2 - Path from pump to treatment trailer)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



SYSTEM  HEAD  LOSS  WORKSHEET



 = 0.002083 X L X (100/C)1.85 X [Q1.85/d4.8655]



INPUT: Pipeline Type PVC CALCULATED: Static Discharge Head 105.5 feet1



Hazen/Williams Coefficient 140 Cross-sectional Area of Pipe 0.049 SF
Pipeline Diameter 3 inches [Lay flat hose is 4 inch, but assumed 3" as a conservative approach]
Total Equivalent Length of Pipe 240 feet2



Lowest DRAWDOWN Elevation -43.6 feet (elev) (difference between top of casing and estimated pumping depth)
Trailer Inlet Elevation 62 feet (elev) (assumed grade elev. @EX-L-10 = 56.93';closest to the trailer)



Calculated headloss from submersible pump inlet to injection well.



Total
Flow Flow Velocity Friction Losses Entrance Discharge Head Loss



C = 140 Losses Losses C = 140
gpm cfs ft/sec ft ft ft ft



150 0.334 6.81 13.6 0.360 0.720 120



Notes: 1 Static discharge head is the difference between the trailer inlet elevation and the lowest drawdown elevation
2 Total equiv. length is based on the following: 



169 ft of pipe in well
18 ft of hose from well to trailer
53 ft of equivalent length of fittings



240 total equivalent length











CALCULATION WORKSHEET NO. HL#3
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations (HL #3 - Headloss inside trailer)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



SYSTEM  HEAD  LOSS  WORKSHEET



 = 0.002083 X L X (100/C)1.85 X [Q1.85/d4.8655]



INPUT: Pipeline Type PVC CALCULATED: Static Discharge Head 4.0 feet1



Hazen/Williams Coefficient 140 Cross-sectional Area of Pipe 0.049 SF
Pipeline Diameter 3 inches Cross-sectional Area of Pipe 0.022 SF
Equivalent Length of 3 inch Pipe 132 feet2



Pipeline Diameter 2 inches
Length of 2 inch Pipe 7 feet
Trailer Inlet Elevation 61.9 feet (elev) (assumed grade elev. @EX-L-10 = 56.93';closest to the trailer)
High Pipe Elevation in trailer 65.9 feet (elev)



Calculated headloss from submersible pump inlet to injection well.



Total
Flow Flow Velocity Friction Losses Entrance Discharge Head Loss



C = 140 Losses Losses C = 140
gpm cfs ft/sec ft ft ft ft



150 0.334 6.81 7.5 0.360 0.720 12.5
150 0.334 15.32 2.8 1.822 3.644 8.3



Notes: 1 Static head is based on 4 ft thru trailer
2 Equiv. length is based on 25 ft of 3" pipe in trailer+ 107  ft (equiv length in fittings).











CALCULATION WORKSHEET NO. HL#4
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations  (HL #4 - Headloss from trailer to injection well)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



SYSTEM  HEAD  LOSS  WORKSHEET



 = 0.002083 X L X (100/C)1.85 X [Q1.85/d4.8655]



INPUT: Pipeline Type Rubber Hose CALCULATED: Static Discharge Head 0.0 feet1



Hazen/Williams Coefficient (New) 135 Cross-sectional Area of Pipe 0.012 SF
Pipeline Diameter 1.5 inches
Equivalent Length of Pipe 1074 feet2



Trailer Discharge Elevation 61.9 feet (elev) (assumed grade elev. @EX-L-10 = 56.93';closest to the trailer)
Injection Well Elevation 22.7 feet (elev)



Calculated headloss from submersible pump inlet to injection well.



Total
Flow Flow Velocity Friction Losses Entrance Discharge Head Loss



C = 135 Losses Losses C = 135
gpm cfs ft/sec ft ft ft ft



30 0.067 5.45 96.5 0.230 0.461 97



Notes: 1 Static head is based on elevation difference between trailer and injection well when injection well is 
at a higher elevation than the trailer discharge elevation



2 Total equiv. length is based on the following: 
1039 ft of hose to injection well



35 ft of equivalent length of fittings
1074 total equivalent length











CALCULATION WORKSHEET NO. HL#5
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations (HL#5 - Summary of Headloss)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



Source Headloss Headloss
(ft)



HL# 2 From pump to Trailer 120
HL #3 Within Trailer 21 pipe & fittings
HL #1 Appurtenances in Trailer 58 filter, flow meter, mixer
HL #4 From Trailer to injection well 97
HL #1 Flowmeter on Injection line 2.3 flow meter



299



Total Sytem requirement Flow Rate (GPM) 150
Total Head (FT) 299



EA recommends 230S200-5 Grundfos Pump








			sketch of hydraulic path


			Trailer Map


			HL #1 Equivalent Lengths


			HL#2 Haz Wil Eq pump to trailer


			HL #3 Haz Wil Eq 3" trailer


			#4 Haz Wil Eq trailr -inj well


			HL #5 Total Headloss
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8 ft estimated drawdown drawdown based on yield test data



-8.5 ft elev



33.29 ft bgs



-0.79 ft elev



YIELD TEST RESULTS FOR EX-M-101



PUMPING RATE = 93 GPM
PUMPING WATER LEVEL =41 FT BELOW TOP OF CASING



DESIGN FLOW RATE  = 60 GPM



28.67 ft bgs



INJ-M3-137



686 ft77 ft



EX-M-101



32.5 ft elev



Puchack
M



2_M
3 Series



47-67 ft bgs



-14.5 ft elev



-9.5 ft elev
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Figure only intended to provide a visual content for the path from extraction well to trailer and injection well.
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CALCULATION WORKSHEET NO. HL#1
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations (HL#1 - Equivalent Lengths of fittings)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



1 - Equivalent Lengths - Fittings To Trailer from EX Well



Description Eq Length Qty Eq. Length
per fitting ft



ft



3" TEE branched 17 1 17
3" Elbow 3.5 2 7
3" Check Valve (fully open) 20 1 20



44 to SHEET HL #2



2 - Equivalent Lengths - Fittings Within Trailer



Description Eq Length Qty Eq. Length
per fitting ft



ft



2" Elbow 5.5 2 11
3" X 2" Reducer 5 1 5
3" TEE Straight Thru 5.11 2 10.22
3" Ball Valve (1/4 closed) 10 2 20
3" Elbow 8.1 5 40.5
3" Check Valve (fully open) 20 1 20



107 to SHEET HL #3



3 - Additional Losses Thru Appurtenances (in trailer)



Head Loss Head Loss
Item psi ft



Bag filter-HL to trigger bag change 2 4.62
Flow Meter 1 2.31 (less than 1 psi full range at 20 ft/s)
Mixer 3.5 8.09 (Refer to mixer headloss curve sheet)



15.02 to SHEET HL #5



The headloss (HL) calculations break the system down in three sections:
1 - From the submersible pump to the treatment trailer (all flex hose and camlock fittings)
2 - The treatment trailer, and 
3 - From the treatment trailer to the injection well



These calcs are covered by five worksheets:
HL#1 - This sheet with equivalent lengths of fittings estimated.
HL#2 - From the submersible pump to the treatment trailer 
HL#3 - Piping in treatment trailer
HL#4 - From the treatment trailer to the injection well
HL#5 - Summary of losses



The injection series for M3 was evaluated assuming the extraction rate is 90 gpm at EX-M-103 and injection rate is 30 
gpm at INJ-M3-133. Injection well INJ-M3-133 was examined as worst case scenario because it is located the farthest 
from the trailer.



The headloss (HL) calculations break the system down in three sections:
1 - From the submersible pump to the treatment trailer 
2 - The treatment trailer, and 
3 - From the treatment trailer to the injection well



These calcs are covered by five worksheets:
HL#1 - This sheet with equivalent lengths of fittings estimated.
HL#2 - From the submersible pump to the treatment trailer 
HL#3 - Piping in treatment trailer
HL#4 - From the treatment trailer to the injection well
HL#5 - Summary of losses



The injection series for M2/M3 was evaluated assuming the extraction rate is 60 gpm at EX-M-101 and injection rate is 15 
gpm at INJ-M3-137. Injection well INJ-M3-137 was examined as worst case scenario because it is located the farthest from 
the trailer.
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CALCULATION WORKSHEET NO. HL#1
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations (HL#1 - Equivalent Lengths of fittings)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



                  
4 - Equivalent Lengths - Fittings on Injection Manifold



Description Eq Length Qty Eq. Length
per fitting ft



1.5" Elbow 4.3 3 12.9
3" X 1.5" Reducer 5 1 5
1.5" TEE Straight Thru 3 1 3
1.5" Gate Valve (1/4 closed) 5.5 1 5.5



26 to SHEET HL #4



5 - Equivalent Lengths - Fittings on Injection Well



Description Eq Length Qty Eq. Length
per fitting ft



1.5" TEE branched 9 1 9



9 to SHEET HL#4



6 - Additional Losses Thru Appurtenances (on injection line)



Head Loss Head Loss
Item psi ft



Flow Meter 1 2.31



2.31 to SHEET HL #5
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CALCULATION WORKSHEET NO. HL#2
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations (HL #2 - Path from pump to treatment trailer)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



SYSTEM  HEAD  LOSS  WORKSHEET



 = 0.002083 X L X (100/C)1.85 X [Q1.85/d4.8655]



INPUT: Pipeline Type PVC CALCULATED: Static Discharge Head 44.7 feet1



Hazen/Williams Coefficient 140 Cross-sectional Area of Pipe 0.049 SF
Pipeline Diameter 3 inches [Lay flat hose is 4 inch, but assumed 3" as a conservative approach]
Total Equivalent Length of Pipe 163 feet2



Lowest DRAWDOWN Elevation -8.50 feet (elev) (difference between top of casing and estimated pumping depth)
Trailer Inlet Elevation 36.2 feet (elev) (assumed grade elev. @INJ-M2-121 = 31.21';closest to the trailer)



Calculated headloss from submersible pump inlet to injection well.



Total
Flow Flow Velocity Friction Losses Entrance Discharge Head Loss



C = 140 Losses Losses C = 140
gpm cfs ft/sec ft ft ft ft



60 0.134 2.72 1.7 0.058 0.115 47



Notes: 1 Static discharge head is the difference between the trailer inlet elevation and the lowest drawdown elevation
2 Total equiv. length is based on the following: 



42 ft of pipe in well
77 ft of hose from well to trailer
44 ft of equivalent length of fittings



163 total equivalent length
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CALCULATION WORKSHEET NO. HL#3
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations (HL #3 - Headloss inside trailer)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



SYSTEM  HEAD  LOSS  WORKSHEET



 = 0.002083 X L X (100/C)1.85 X [Q1.85/d4.8655]



INPUT: Pipeline Type PVCCALCULATED: Static Discharge Head 4.0 feet1



Hazen/Williams Coefficient 140 Cross-sectional Area of Pipe 0.049 SF
Pipeline Diameter 3 inches Cross-sectional Area of Pipe 0.022 SF
Equivalent Length of 3 inch Pipe 132 feet2



Pipeline Diameter 2 inches
Length of 2 inch Pipe 7 feet
Trailer Inlet Elevation 36.2 feet (elev (assumed grade elev. @INJ-M2-121 = 31.21';closest to the trailer)
High Pipe Elevation in trailer 40.2 feet (elev)



Calculated headloss from submersible pump inlet to injection well.



Total
Flow Flow Velocity Friction Losses Entrance Discharge Head Loss



C = 140 Losses Losses C = 140
gpm cfs ft/sec ft ft ft ft



60 0.134 2.72 1.4 0.058 0.115 5.5
60 0.134 6.13 0.5 0.292 0.583 1.4



Notes: 1 Static head is based on 4 ft thru trailer
2 Equiv. length is based on 25 ft of 3" pipe in trailer + 107  ft (equiv length in fittings).
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CALCULATION WORKSHEET NO. HL#4
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations  (HL #4 - Headloss from trailer to injection well)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



SYSTEM  HEAD  LOSS  WORKSHEET



 = 0.002083 X L X (100/C)1.85 X [Q1.85/d4.8655]



INPUT: Pipeline Type Rubber Hose CALCULATED: Static Discharge Head 0.0 feet1



Hazen/Williams Coefficient (New) 135 Cross-sectional Area of Pipe 0.012 SF
Pipeline Diameter 1.5 inches
Equivalent Length of Pipe 721 feet2



Trailer Discharge Elevation 36.2 feet (elev) (assumed grade elev. @INJ-M2-121 = 31.21';closest to the trailer)
Injection Well Elevation 28.7 feet (elev)



Calculated headloss from submersible pump inlet to injection well.



Total
Flow Flow Velocity Friction Losses Entrance Discharge Head Loss



C = 135 Losses Losses C = 135
gpm cfs ft/sec ft ft ft ft



15 0.033 2.72 18.0 0.058 0.115 18.2



Notes: 1 Static head is based on elevation difference between trailer and injection well when injection well is at a higher elevation than the trailer
discharge elevation



2 Total equiv. length is based on the following: 
686 ft of hose to injection well



35 ft of equivalent length of fittings
721 total equivalent length
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CALCULATION WORKSHEET NO. HL#5
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations (HL#5 - Summary of Headloss)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



Source Headloss Headloss
(ft)



HL# 2 From pump to Trailer 47
HL #3 Within Trailer 7 pipe & fittings
HL #1 Appurtenances in Trailer 15 filter, flow meter, mixer
HL #4 From Trailer to injection well 18
HL #1 Flowmeter on Injection line 9 flow meter



96



Total Sytem requirement Flow Rate (GPM) 60
Total Head (FT) 96



EA recommends 75S75-12 Grundfos Pump








			sketch of hydraulic path


			TrailerMap


			HL #1 Equivalent Lengths


			HL#2 Haz Wil Eq pump to trailer


			HL #3 Haz Wil Eq 3" trailer


			#4 Haz Wil Eq trailr -inj well


			HL #5 Total Headloss
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2 ft estimated drawdown drawdown based on yield test data



-3.38 ft elev



34.65 ft bgs



-1.03 ft elev



YIELD TEST RESULTS FOR EX-M-103



PUMPING RATE = 90 GPM
PUMPING WATER LEVEL =37 FT BELOW TOP OF CASING



DESIGN FLOW RATE  = 90 GPM



36.38 ft bgs



318 ft 235 ft



INJ-M3-134
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Figure only intended to provide a visual content for the path from extraction well to trailer and injection well
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CALCULATION WORKSHEET NO. HL#1
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations (HL#1 - Equivalent Lengths of fittings)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



1 - Equivalent Lengths - Fittings To Trailer from EX Well



Description Eq Length Qty Eq. Length
per fitting ft



ft



3" TEE branched 17 1 17
3" Elbow 8.1 2 16.2
3" Check Valve (fully open) 20 1 20



53 to SHEET HL #2



2 - Equivalent Lengths - Fittings Within Trailer



Description Eq Length Qty Eq. Length
per fitting ft



ft



2" Elbow 5.5 2 11
3" X 2" Reducer 5 1 5
3" TEE Straight Thru 5.11 2 10.22
3" Ball Valve (1/4 closed) 10 2 20
3" Elbow 8.1 5 40.5
3" Check Valve (fully open) 20 1 20



107 to SHEET HL #3



3 - Additional Losses Thru Appurtenances (in trailer)



Head Loss Head Loss
Item psi ft



Bag filter-HL to trigger bag change 2 4.62
Flow Meter 1 2.31 (less than 1 psi full range at 20 ft/s)
Mixer 8 18.48 (Refer to mixer headloss curve sheet)



25.41 to SHEET HL #5



The headloss (HL) calculations break the system down in three sections:
1 - From the submersible pump to the treatment trailer (all flex hose and camlock fittings)
2 - The treatment trailer, and 
3 - From the treatment trailer to the injection well



These calcs are covered by five worksheets:
HL#1 - This sheet with equivalent lengths of fittings estimated.
HL#2 - From the submersible pump to the treatment trailer 
HL#3 - Piping in treatment trailer
HL#4 - From the treatment trailer to the injection well
HL#5 - Summary of losses



The injection series for M3 was evaluated assuming the extraction rate is 90 gpm at EX-M-103 and injection rate is 30 
gpm at INJ-M3-133. Injection well INJ-M3-133 was examined as worst case scenario because it is located the farthest 
from the trailer.



The headloss (HL) calculations break the system down in three sections:
1 - From the submersible pump to the treatment trailer 
2 - The treatment trailer, and 
3 - From the treatment trailer to the injection well



These calcs are covered by five worksheets:
HL#1 - This sheet with equivalent lengths of fittings estimated.
HL#2 - From the submersible pump to the treatment trailer 
HL#3 - Piping in treatment trailer
HL#4 - From the treatment trailer to the injection well
HL#5 - Summary of losses



The injection series for M3 was evaluated assuming the extraction rate is 90 gpm at EX-M-103 and injection rate is 15 gpm 
at INJ-M3-134. Injection well INJ-M3-134 was examined as worst case scenario because it is located the farthest from the 
trailer.











EA Engineering, Science,and Technology, Inc., PBC January 2021



CALCULATION WORKSHEET NO. HL#1
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations (HL#1 - Equivalent Lengths of fittings)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



                  
4 - Equivalent Lengths - Fittings on Injection Manifold



Description Eq Length Qty Eq. Length
per fitting ft



1.5" Elbow 4.3 3 12.9
3" X 1.5" Reducer 5 1 5
1.5" TEE Straight Thru 3 1 3
1.5" Gate Valve (1/4 closed) 5.5 1 5.5



26 to SHEET HL #4



5 - Equivalent Lengths - Fittings on Injection Well



Description Eq Length Qty Eq. Length
per fitting ft



1.5" TEE branched 9 1 9



9 to SHEET HL#4



6 - Additional Losses Thru Appurtenances (on injection line)



Head Loss Head Loss
Item psi ft



Flow Meter 1 2.31



2.31 to SHEET HL #5
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CALCULATION WORKSHEET NO. HL#2
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations (HL #2 - Path from pump to treatment trailer)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



SYSTEM  HEAD  LOSS  WORKSHEET



 = 0.002083 X L X (100/C)1.85 X [Q1.85/d4.8655]



INPUT: Pipeline Type PVC CALCULATED: Static Discharge Head 38.5 feet1



Hazen/Williams Coefficient 140 Cross-sectional Area of Pipe 0.049 SF
Pipeline Diameter 3 inches [Lay flat hose is 4 inch, but assumed 3" as a conservative approach]
Total Equivalent Length of Pipe 420 feet2



Lowest DRAWDOWN Elevation -3.38 feet (elev) (difference between top of casing and estimated pumping depth)
Trailer Inlet Elevation 35.2 feet (elev) (assumed grade elev. @INJ-M3-131 = 30.16';closest to the trailer)



Calculated headloss from submersible pump inlet to injection well.



Total
Flow Flow Velocity Friction Losses Entrance Discharge Head Loss



C = 140 Losses Losses C = 140
gpm cfs ft/sec ft ft ft ft



90 0.201 4.08 9.2 0.130 0.259 48



Notes: 1 Static discharge head is the difference between the trailer inlet elevation and the lowest drawdown elevation
2 Total equiv. length is based on the following: 



49 ft of pipe in well
318 ft of hose from well to trailer
53 ft of equivalent length of fittings



420 total equivalent length











EA Engineering, Science,and Technology, Inc., PBC January 2021



CALCULATION WORKSHEET NO. HL#3
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations (HL #3 - Headloss inside trailer)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



SYSTEM  HEAD  LOSS  WORKSHEET



 = 0.002083 X L X (100/C)1.85 X [Q1.85/d4.8655]



INPUT: Pipeline Type PVC CALCULATED: Static Discharge Head 4.0 feet1



Hazen/Williams Coefficient 140 Cross-sectional Area of Pipe 0.049 SF
Pipeline Diameter 3 inches Cross-sectional Area of Pipe 0.022 SF
Equivalent Length of 3 inch Pipe 132 feet2



Pipeline Diameter 2 inches
Length of 2 inch Pipe 7 feet
Trailer Inlet Elevation 35.2 feet (elev) (assumed grade elev. @INJ-M3-131 = 30.16';closest to the trailer)
High Pipe Elevation in trailer 39.2 feet (elev)



Calculated headloss from submersible pump inlet to injection well.



Total
Flow Flow Velocity Friction Losses Entrance Discharge Head Loss



C = 140 Losses Losses C = 140
gpm cfs ft/sec ft ft ft ft



90 0.201 4.08 2.9 0.130 0.259 7.3
90 0.201 9.19 1.1 0.656 1.312 3.1



Notes: 1 Static head is based on 4 ft thru trailer
2 Equiv. length is based on 25 ft of 3" pipe in trailer + 106.72  ft (equiv length in fittings).
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CALCULATION WORKSHEET NO. HL#4
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations  (HL #4 - Headloss from trailer to injection well)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



SYSTEM  HEAD  LOSS  WORKSHEET



 = 0.002083 X L X (100/C)1.85 X [Q1.85/d4.8655]



INPUT: Pipeline Type Rubber Hose CALCULATED: Static Discharge Head 1.2 feet1



Hazen/Williams Coefficient (New) 135 Cross-sectional Area of Pipe 0.012 SF
Pipeline Diameter 1.5 inches
Equivalent Length of Pipe 270 feet2



Trailer Discharge Elevation 35.2 feet (elev) (assumed grade elev. @INJ-M3-131 = 30.16';closest to the trailer)
Injection Well Elevation 36.4 feet (elev)



Calculated headloss from submersible pump inlet to injection well.



Total
Flow Flow Velocity Friction Losses Entrance Discharge Head Loss



C = 135 Losses Losses C = 135
gpm cfs ft/sec ft ft ft ft



15 0.033 2.72 6.7 0.058 0.115 8.1



Notes: 1 Static head is based on elevation difference between trailer and injection well when injection well is at a higher elevation than the trailer
discharge elevation



2 Total equiv. length is based on the following: 
235 ft of hose to injection well



35 ft of equivalent length of fittings
270 total equivalent length
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CALCULATION WORKSHEET NO. HL#5
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations (HL#5 - Summary of Headloss)



BY: KT CHECKED BY: DFC DATE: 1/8/2021



Source Headloss Headloss
(ft)



HL# 2 From pump to Trailer 48
HL #3 Within Trailer 10 pipe & fittings
HL #1 Appurtenances in Trailer 25 filter, flow meter, mixer
HL #4 From Trailer to injection well 8
HL #1 Flowmeter on Injection line 9 flow meter



101



Total Sytem requirement Flow Rate (GPM) 90
Total Head (FT) 101



EA recommends 75S75-12 Grundfos Pump








			sketch of hydraulic path


			TrailerMap


			HL #1 Equivalent Lengths


			HL#2 Haz Wil Eq pump to trailer


			HL #3 Haz Wil Eq 3" trailer


			#4 Haz Wil Eq trailr -inj well


			HL #5 Total Headloss
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Well ID Yield Test Flow 
rate (GPM)



Design Flow 
Rate (GPM)



Yield Test 
Pumping depth 
(ft bgs)



Depth to Static 
Water (ft bgs)



Yield Test 
Drawdown 
(ft)



Specific 
Capacity 
(gpm/ft)



Estimated 
Drawdown 
(ft)



Safety 
Factor 
(15%)



Injection Series 
ID



EX-LA-101 70 90 145 60.85 84.15 0.8 108 124 LA4
EX-LA-102 88 90 131 58.35 72.65 1.2 74 85 LA4
EX-LA-103 116 108 130 55.4 74.6 1.6 69 80
EX-LA-104 90 90 54 41.96 12.04 7.5 12 14 LA3,LA8
EX-LB-101 104 120 199 59.92 139.08 0.7 160 185 LB1
EX-LB-101 104 90 199 59.92 139.08 0.7 120 138 LB2
EX-LB-102 109 90 69 57.37 11.63 9.4 10 11
EX-LB-103 145 114 94 57.57 36.43 4.0 29 33 LB4,LA10,LA11
EX-M-101 93 60 41 33.29 7.71 12.1 5 6 M2,M3
EX-M-102 Not Installed
EX-M-103 90 90 37 34.65 2.35 38.3 2 3 M3
EX-L-10 150 150 100 60.21 39.79 3.8 40 46 LB5
EX-L-6 67 108 77 60.25 16.75 4.0 27 31 LA6
EX-L-8 81 84 84.5 59.55 24.95 3.2 26 30 LA9
Note:
bgs = below ground surface
gpm = gallons per minute



Specific Capacity = Yield Test Pumping Rate / Yield Test Drawdown
Estimated Drawdown = Design Flow Rate / Specific Capacity
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			Yield Test Results


			Static Mixer Headloss Curve


			Hazen-Williams Coefficients


			Eq. Length-Reference


			7.5 HP 75S Pump


			7.5HP 150S Pump


			20HP 230S Pump 
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2 ft estimated drawdown drawdown based on yield test data



-3.38 ft elev



34.65 ft btoc



-1.03 ft elev



DATA PRESENTED ARE FROM YIELD TEST RESULTS FOR
EX-M-103



PUMPING RATE = 90 GPM
PUMPING WATER LEVEL =37 FT BELOW TOP OF CASING



DESIGN FLOW RATE  = 90 GPM



36.38 ft bgs



318 ft 235 ft



INJ-M3-134
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Figure only intended to provide a visual content for the path from extraction well to trailer and injection well
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CALCULATION WORKSHEET NO. HL#1
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations (HL#1 - Equivalent Lengths of fittings)



BY: KT CHECKED BY: DFC DATE: 3/17/2021



1 - Equivalent Lengths - Fittings To Trailer (#1-4) from EX Well 



Description Eq Length Qty Eq. Length
per fitting ft



ft



2" TEE branched 11 1 11
2" Elbow 5.5 2 11



22 to SHEET HL #2



2 - Equivalent Lengths - Fittings Within Trailer (#1-4)



Description Eq Length Qty Eq. Length
per fitting ft



ft



2" Elbow 5.5 2 11
3" X 2" Reducer 1.5 1 1.5
3" TEE Straight Thru 5.11 2 10.22
3" Gate Valve (1/4 closed) 10 2 20
3" Elbow 8.1 5 40.5
3" Check Valve (fully open) 20 1 20



103 to SHEET HL #3



3 - Additional Losses Thru Appurtenances (in trailer)



Head Loss Head Loss
Item psi ft



Bag filter-HL to trigger bag change 2 4.62
Flow Meter 1 2.31 (less than 1 psi full range at 20 ft/s)
Mixer 8.1 18.71 (Refer to mixer headloss curve sheet)



25.64 to SHEET HL #5



The headloss (HL) calculations break the system down in three sections:
1 - From the submersible pump to the treatment trailer (all flex hose and camlock fittings)
2 - The treatment trailer, and 
3 - From the treatment trailer to the injection well



These calcs are covered by five worksheets:
HL#1 - This sheet with equivalent lengths of fittings estimated.
HL#2 - From the submersible pump to the treatment trailer 
HL#3 - Piping in treatment trailer
HL#4 - From the treatment trailer to the injection well
HL#5 - Summary of losses



The injection series for M3 was evaluated assuming the extraction rate is 90 gpm at EX-M-103 and injection rate is 30 
gpm at INJ-M3-133. Injection well INJ-M3-133 was examined as worst case scenario because it is located the farthest 
from the trailer.



The headloss (HL) calculations break the system down in three sections:
1 - From the submersible pump to the treatment trailer #1-4
2 - The treatment trailer, and 
3 - From the treatment trailer to the injection well



These calcs are covered by five worksheets:
HL#1 - This sheet with equivalent lengths of fittings estimated.
HL#2 - From the submersible pump to the treatment trailer 
HL#3 - Piping in treatment trailer
HL#4 - From the treatment trailer to the injection well
HL#5 - Summary of losses



The injection series for M3 was evaluated assuming the extraction rate is 90 gpm at EX-M-103 and injection rate is 15 gpm 
at INJ-M3-134. Injection well INJ-M3-134 was examined as worst case scenario because it is located the farthest from the 
trailer.
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CALCULATION WORKSHEET NO. HL#1
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations (HL#1 - Equivalent Lengths of fittings)



BY: KT CHECKED BY: DFC DATE: 3/17/2021



                  4 - Equivalent Lengths - Fittings on Injection Manifold



Description Eq Length Qty Eq. Length
per fitting ft



3" X 1.25" Reduction 1.5 1 1.5
1.25" TEE Straight Thru 2.3 2 4.6
1.25" Elbow 3.7 3 11.1
1.25" Gate Valve (1/4 closed) 4.9 1 4.9



22 to SHEET HL #4



5 - Equivalent Lengths - Fittings on Injection Well



Description Eq Length Qty Eq. Length
per fitting ft



1.5"x2" Reducer 0.9 2 1.8
 2" TEE branched 11 1 11



12.8 to SHEET HL#4



6 - Additional Losses Thru Appurtenances (on injection line)



Head Loss Head Loss
Item psi ft



Flow Meter 1 2.31



2.31 to SHEET HL #5
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CALCULATION WORKSHEET NO. HL#2
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations (HL #2 - Path from pump to treatment trailer)



BY: KT CHECKED BY: DFC DATE: 3/17/2021



SYSTEM  HEAD  LOSS  WORKSHEET



 = 0.002083 X L X (100/C)1.85 X [Q1.85/d4.8655]



INPUT: Pipeline Type PVC CALCULATED: Static Discharge Head1 38.5 feet
Hazen/Williams Coefficient (PVC) 140 Cross-sectional Area of Pipe 0.022 SF
Pipeline Diameter 2 inches
Total Equivalent Length of Pipe2 389 feet
Lowest DRAWDOWN Elevation -3.38 feet (elev) (difference between top of casing and estimated pumping depth)
Trailer Inlet Elevation 35.2 feet (elev) (assumed grade elev. @INJ-M3-131 = 30.16';closest to the trailer and tailer inlet 



is 5 ft off the ground)



Calculated headloss from submersible pump inlet to trailer.



Total
Flow Flow Velocity Friction Losses Entrance Discharge Head Loss



C = 140 Losses Losses C = 140
gpm cfs ft/sec ft ft ft ft



90 0.201 9.19 61.5 0.656 1.312 102



Notes: 1 Static discharge head is the difference between the trailer inlet elevation and the lowest drawdown elevation
2 Total equiv. length is based on the following: 



49 ft of pipe in well
318 ft of hose from well to trailer
22 ft of equivalent length of fittings



389 total equivalent length
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CALCULATION WORKSHEET NO. HL#3
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations (HL #3 - Headloss inside trailer)



BY: KT CHECKED BY: DFC DATE: 3/17/2021



SYSTEM  HEAD  LOSS  WORKSHEET



 = 0.002083 X L X (100/C)1.85 X [Q1.85/d4.8655]



INPUT: Pipeline Type PVC CALCULATED: Static Discharge Head1 4.0 feet
Hazen/Williams Coefficient - PVC 140 Cross-sectional Area of Pipe 0.049 SF
Pipeline Diameter 3 inches Cross-sectional Area of Pipe 0.022 SF
Equivalent Length of 3 inch Pipe2 128 feet
Pipeline Diameter 2 inches
Length of 2 inch Pipe 7 feet
Trailer Inlet Elevation 35.2 feet (elev) (assumed grade elev. @INJ-M3-131 = 30.16';closest to the trailer 
High Pipe Elevation in trailer 39.2 feet (elev) and trailer inlet is 5 ft off the ground)



Calculated headloss inside trailer.



Total
Flow Flow Velocity Friction Losses Entrance Discharge Head Loss



C = 140 Losses Losses C = 140
gpm cfs ft/sec ft ft ft ft



90 0.201 4.08 2.8 0.130 0.259 7.2
90 0.201 9.19 1.1 0.656 1.312 3.1



Notes: 1 Static head is based on 4 ft thru trailer
2 Equiv. length is based on 25 ft of 3" pipe in trailer + 103.22  ft (equiv length in fittings).
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CALCULATION WORKSHEET NO. HL#4
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations  (HL #4 - Headloss from trailer to injection well)



BY: KT CHECKED BY: DFC DATE: 3/17/2021



SYSTEM  HEAD  LOSS  WORKSHEET



 = 0.002083 X L X (100/C)1.85 X [Q1.85/d4.8655]



INPUT: Pipeline Type Rubber Hose CALCULATED: Static Discharge Head1 1.2 feet
Hazen/Williams Coefficient- Rubber Hose 135 Cross-sectional Area of Pipe 0.012 SF
Pipeline Diameter 1.5 inches Cross-sectional Area of Pipe 0.009 SF
Equivalent Length of 1.5 inch Pipe2 248
Pipeline Type PVC
Hazen/Williams Coefficient - PVC 140
Pipeline Diameter 1.25 inches
Equivalent Length of 1.25 inch Pipe3 30
Trailer Discharge Elevation 35.2 feet (elev) (assumed grade elev. @INJ-M3-131 = 30.16';closest to the trailer
Injection Well Elevation 36.4 feet (elev) and trailer inlet is 5 ft off the ground)



Calculated headloss from trailer to injection well.



Total
Flow Flow Velocity Friction Losses Entrance Discharge Head Loss (ft)



C = 135 Losses Losses C = 135
gpm cfs ft/sec ft ft ft C = 140



15 0.033 2.72 6.2 0.058 0.115 7.6
15 0.033 2.72 1.7 0.058 0.115 1.9



Notes: 1 Static head is based on elevation difference between trailer and injection well when injection well is at a higher elevation than the trailer
discharge elevation



2 Total equiv. length is based on the following: 
235 ft of hose to injection well



13 ft of equivalent length of fittings
248 total equivalent length



3 Total equiv. length is based on the following: 
8 ft of pipe on the injection manifold



22 ft of equivalent length of fittings
30 total equivalent length
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CALCULATION WORKSHEET NO. HL#5
CLIENT: USACE JOB NUMBER: 6304306



SUBJECT: Puchack - Headloss Calculations (HL#5 - Summary of Headloss)



BY: KT CHECKED BY: DFC DATE: 3/17/2021



Source Headloss Headloss
(ft)



HL# 2 From pump to Trailer 102
HL #3 Within Trailer 10 pipe & fittings
HL #1 Appurtenances in Trailer 26 filter, flow meter, mixer
HL #4 From Trailer to injection well 9
HL #1 Flowmeter on Injection line 2 flow meter



Backpressure on injection well (20 psi) 46
196



Safety Factor (15%) 29
Total 225



Total Sytem requirement Flow Rate (GPM) 90
Total Head (FT) 225














			sketch of hydraulic path


			TrailerMap


			HL #1 Equivalent Lengths


			HL#2 Haz Wil Eq pump to trailer


			HL #3 Haz Wil Eq 3" trailer


			#4 Haz Wil Eq trailr -inj well


			HL #5 Total Headloss


			Recommendation
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Well ID Yield Test Flow 
rate (GPM)



Design Flow 
Rate (GPM)



Yield Test 
Pumping depth 
(ft bgs)



Depth to Static 
Water (ft bgs)



Yield Test 
Drawdown 
(ft)



Specific 
Capacity 
(gpm/ft)



Estimated 
Drawdown 
(ft)



Estimated 
Drawdown 
with 15% 
Safety 
Factor (ft)



Injection Series ID



EX-LA-101 70 90 145 60.85 84.15 0.8 108 124 LA4
EX-LA-102 88 90 131 58.35 72.65 1.2 74 85 LA4
EX-LA-103 116 108 130 55.4 74.6 1.6 69 80
EX-LA-104 90 90 54 41.96 12.04 7.5 12 14 LA3,LA8
EX-LB-101 104 120 199 59.92 139.08 0.7 160 185 LB1
EX-LB-101 104 90 199 59.92 139.08 0.7 120 138 LB2
EX-LB-102 109 90 69 57.37 11.63 9.4 10 11
EX-LB-103 145 114 94 57.57 36.43 4.0 29 33 LB4,LA10,LA11
EX-LB-103 145 90 94 57.57 36.43 4.0 23 26 LA12
EX-M-101 93 60 41 33.29 7.71 12.1 5 6 M2,M3
EX-M-102 Not Installed
EX-M-103 90 90 37 34.65 2.35 38.3 2 3 M3
EX-L-10 150 150 100 60.21 39.79 3.8 40 46 LB5
EX-L-6 67 108 77 60.25 16.75 4.0 27 31 LA6
EX-L-8 81 84 84.5 59.55 24.95 3.2 26 30 LA9
Note:
bgs = below ground surface
gpm = gallons per minute



Specific Capacity = Yield Test Pumping Rate / Yield Test Drawdown
Estimated Drawdown = Design Flow Rate / Specific Capacity
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Well Development 
(Yield Test)  Flow 



Rate
Design 



Flow Rate1
Injection 



Rate
Required 



Pump Head2



gpm gpm gpm ft*
M3 EX-M-103 90 90 6 15 101 INJ-M3-134 75S75-12



M2/M3 EX-M-101 93 60 4 15 96 INJ-M3-137 75S75-12
LB4/LA10/LA11 EX-LB-103 145 114 5 30 239 INJ-LB4-142 230S200-5 Injection rates vary



LA3/ LA8 EX-LA-104 90 90 5 18 131 INJ-LA3-133 75S75-12
LA4 EX-LA-101 and 



EX-LA-102
88 90 5 18 201 RA-44D 75S75-12



LA6 EX-L-06 67 108 6 18 212 RA-LA10-102 230S200-5 Pumping drawdown adjusted to 31 ft based on 
yield test and design flow rate



LA9 EX-L-08 81 84 6 14.3 169 EX-L-7 75S75-12 Injection rates vary
LB1 EX-LB-101 104 120 4 30 342 RA-40D 230S200-5 Pumping drawdown adjusted to 170 ft based on 



yield test and design flow rate
LB2 EX-LB-101 104 90 3 30 294 INJ-LB2-123 230S200-5
LB5 EX-L-10 150 150 5 30 299 INJ-LB5-152 230S200-5



1 Injection series information/data such as proposed extraction, and injection wells and associated flow rates from CDM Table S10-B
2 Required pump head based on elevations of EX & INJ wells, documented drawdown from yield testing, proposed SOW flow rates and headloss 



calculated using The Hazen-Williams equation.
ft  = Foot (feet)



gpm  = Gallon(s) per minute
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